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Abstract 


This research delves into exploring the connection between socioeconomic variables and 
urban heat vulnerability in Helsinki, Finland, utilizing QGIS as a spatial analysis instrument. 
Through the examination of how socioeconomic indicators are distributed spatially and their 
relationship with heat vulnerability, valuable insights are generated to guide urban planning 
and policy-making processes targeted at enhancing community resilience. The methodology 
encompasses the collection of data, preprocessing, spatial analysis, and assessing the 
relationship between socioeconomic status and vulnerability. Findings underscore spatial 
discrepancies, where areas at risk are frequently identified by high population density, lower 
socioeconomic standing, and a higher percentage of vulnerable age groups. Key Terms: 
Helsinki, Finland, urban heat vulnerability, socioeconomic variables, QGIS, spatial analysis, 
spatial inequalities, community resilience, urban planning, policy-making, vulnerable 


populations, climate change adaptation. 
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1 Introduction 


The association between socioeconomic characteristics and urban heat susceptibility is a 
rising area of study in urban climate research. As cities continue to feel the effects of climate 
change, knowing the spatial distribution of heat-related risks and their relationship to 
socioeconomic variables has become critical for establishing tailored adaptation plans. This 
study seeks to evaluate the relationship between socioeconomic characteristics and urban heat 
vulnerability in Helsinki, Finland, with QGIS serving as the major geospatial analysis tool 
(Kienberger et al., 2009; Lang et al., 2014, Kamal-Chaoui, 2008; Sharma, 2019). Finland's 
capital and largest city, Helsinki, has been designated as one of the Nordic cities most 
vulnerable to urban heat. The city's dense urban fabric, combined with its northern location, 
presents unique challenges in dealing with heat-related dangers, especially for vulnerable 
groups. By investigating the spatial patterns of socioeconomic indicators and _ their 
relationship with urban heat vulnerability, this study hopes to provide insights that can inform 
urban planning and policy decisions to improve the resilience of Helsinki's communities 
(Reckien, 2018, Preston et al. 2011, Hinkel et al. 2003).QGIS, a free and open-source 
geographic information system (GIS) software, enables the integration and analysis of a wide 
range of spatial datasets, including land surface temperature, demographic data, and 
socioeconomic indicators. This method allows for a more comprehensive understanding of 
the intricate relationships between the built environment, socioeconomic factors, and heat- 


related vulnerabilities in Helsinki (Eckstein et al., 2019; WMO, 201). 


2 Literature Review 


Numerous investigations have been carried out on the correlation between socioeconomic 
variables and urban heat vulnerability, emphasizing the disproportionate effects on 
marginalized groups. Harlan (Harlan et al., 2006) conducted a study in the United States, 
which observed that neighborhoods with higher percentages of low-income and minority 
populations faced elevated temperatures and increased health hazards related to heat. 
Correspondingly, Tomlinson (Tomlinson et al., 2011) in the United Kingdom identified that 
regions with heightened levels of social deprivation were more vulnerable to urban heat 
impacts (Shih &Mabon,2021, Sera et al., 019, Liou et al. ,2019, Sung et al. 2013). Research 
in Nordic cities has indicated that societal inequalities can worsen the repercussions of urban 
heat. A study by Juhola (Juhola et al., 2020, Sera et al.,2019) in Helsinki, Finland, 
underscored the susceptibility of low-income and elderly demographics to heat-related issues. 
Furthermore, Weber's comparative investigation of Nordic cities (Thorsson et al. 2014, 
Weberet al. 2015) found that socioeconomic characteristics such as income and education 
levels were important predictors of heat-related mortality. GIS-based techniques, such as 
QGIS, have been useful in mapping and assessing the geographical patterns of urban heat 
susceptibility, as well as their link to socioeconomic aspects. QGIS has been used in studies 
to combine data from many sources, such as remote sensing imaging, census data, and 
environmental monitoring, to identify heat-vulnerable locations and the underlying 


socioeconomic factors (Breil et al., 2018, Breilet et al., 2018; Lindley et al., 2018). 


3 Methodology 


This research aims to employ QGIS to examine the connection between socioeconomic 
variables and urban heat vulnerability in Helsinki, Finland. The study will be conducted 
following a three-step approach: 1) gathering and preprocessing data, which includes 
obtaining land surface temperature (LST) data and socioeconomic data, and merging them 
within QGIS; 2) conducting spatial analysis, utilizing spatial interpolation methods and QGIS 
tools to measure the correlation between heat vulnerability and socioeconomic variables; and 
3) evaluating the importance and spatial diversity of the relationship between socioeconomic 
factors and urban heat vulnerability. The results of this investigation will enhance 
comprehension of the intricate interrelation between socioeconomic circumstances and urban 
heat vulnerability in Helsinki, Finland, and can provide insights for urban planning and 


policy-making to bolster the resilience of the city's populace (Mushore et al.,2018). 


4 Results 


4.1 Urban Heat Vulnerability in Helsinki 
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Figure 1. Urban Heat Vulnerability in Helsinki. 
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4.2 Population Density and Place Names in Helsinki 
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Figure 2. Population density and place names in Helsinki. 


4.3 Age Group Distribution in Helsinki, Finland 
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Figure 3. Age Group Distribution in Helsinki, Finland 


5 Discussion 


The Urban Heat Vulnerability Map (UHV) shows the spatial variability of the heat-related 
risks in Helsinki. The areas with “high” and “very high” vulnerability are mainly located in 
the city’s central and eastern parts, where the population density is higher (Figure 2). The 
analysis of the UHV, population density, and age distribution in the city reveals several 
important trends and implications. This study shows that the socioeconomically 
disadvantaged neighborhoods in the city of Helsinki, Finland, are more vulnerable to the 
effects of urban heat. This is in line with previous studies in Nordic cities that have shown 
that these communities are more vulnerable to heat-related health issues due to factors such 
as urban design, lack of cooling resources, and health conditions. The age distribution data 
(Figure 3) further underscores the vulnerability of certain population groups within Helsinki. 
The areas with higher proportions of infants, toddlers, and elderly residents, such as Rastila 
and Siltamaki, overlap with the regions identified as having "high" and "extremely high" 
urban heat vulnerability. This is particularly concerning, as these age groups are known to be 
more susceptible to the adverse health impacts of extreme heat, including heat-related 
illnesses and mortality. The integration of socioeconomic indicators, such as income levels 
and education attainment, with the spatial analysis of urban heat vulnerability can provide 
valuable insights for targeted interventions. Previous studies have shown that lower-income 
and less-educated populations in Helsinki tend to be more vulnerable to the effects of urban 
heat, often due to factors like limited access to cooling resources, and poor housing 
conditions, The age distribution data (Fig. 3) further highlights the vulnerability of specific 
groups in Helsinki, with areas with a higher proportion of infants and young children, as well 
as the elderly, overlapping with “high” and “very high” urban heat vulnerability areas. This is 


worrying, as these groups are already more prone to the health consequences of extreme heat 


(including heat-related illness and death). A combination of socio-economic indicators (e.g. 
income, education) and spatial analysis (i.e. urban thermal vulnerability) can provide useful 
insights for targeted intervention. Previous studies have shown that people with lower income 
and less education in Helsinki are more likely to be exposed to the consequences of urban 
heat (e.g., lack of cooling resources, and poor housing conditions. By overlaying these 
socioeconomic factors with the heat vulnerability map, policymakers, and urban planners can 
identify the specific neighborhoods and communities that require the most urgent attention 
and tailored adaptation strategies (Nelson et al. 2015, Reckien 2018, Cutter et al. 2003; 
Reckien 2018, de Groot-Reichwein et al. 2018; Reckien 2011, Ho et al. 2015; Rothlisberger 


et al. 2017Kienberger et al. 2009; Lang et al. 2014). 


6 Conclusion 


This study has demonstrated the importance of understanding the relationship between 
socioeconomic factors and urban heat vulnerability in the city of Helsinki, Finland. The 
analysis of the urban heat vulnerability index, population density, and age distribution has 
revealed significant spatial disparities, with the most vulnerable areas often coinciding with 
neighborhoods characterized by higher population densities, lower socioeconomic status, and 
larger proportions of vulnerable age groups. The findings from this research can inform the 
development of targeted interventions and policies to enhance the resilience of Helsinki's 
communities to the impacts of urban heat. By prioritizing the most vulnerable areas and 
populations, policymakers and urban planners can implement a range of measures, such as 
improving access to cooling resources, enhancing urban greening and shading, and 
strengthening community-based support systems. This study demonstrates the importance of 
understanding the relationship between socioeconomic factors and urban thermal 


vulnerability in the city of Helsinki, Finland. Analysis of urban heat vulnerability index, 


population density, and age distribution reveals significant spatial variation, with the most 
vulnerable areas being those with higher population density, lower socio-economic status, 
and vulnerable age groups. It often coincides with neighborhoods with higher rates. The 
results of this study may inform the development of targeted interventions and policies to 
increase the resilience of Helsinki communities to the impacts of urban heat. By prioritizing 
the most vulnerable areas and populations, policymakers and urban planners can take a 
variety of measures, including B. Improve access to cooling resources, improve urban 
greening and shading, and strengthen community support systems. This study demonstrates 
the importance of understanding the relationship between socioeconomic factors and urban 
thermal vulnerability in the city of Helsinki, Finland. Analysis of urban heat vulnerability 
index, population density, and age distribution reveals significant spatial variation, with the 
most vulnerable areas being those with higher population density, lower socio-economic 
status, and vulnerable age groups. It often coincides with neighbourhoods with higher rates. 
The results of this study may inform the development of targeted interventions and policies to 
increase the resilience of Helsinki communities to the impacts of urban heat. By prioritizing 
the most vulnerable areas and populations, policymakers and urban planners can take a 
variety of measures, including B. Improve access to cooling resources, improve urban 
greening and shading, and strengthen community support systems. Additionally, combining 
socioeconomic data with spatial analysis techniques such as the one used in this study can 
provide valuable tools for other cities facing similar challenges related to urban thermal 
vulnerability. By implementing this approach, local authorities can better understand the 
complex interactions between socioeconomic factors and heat-related risks, ultimately 
developing more equitable and effective adaptation strategies. As the impacts of climate 
change continue to intensify, the results of this study highlight the critical importance of 


addressing the disproportionate burden faced by socioeconomically disadvantaged 


communities in Helsinki and other urban centers. By prioritizing these vulnerable groups and 
communities, policymakers can work to create a more resilient and equitable future for all 
residents (Jurgilevich et al. 2017. Nelson et al. 2015, Bohman et al. 2015; Carter et al. 2016; 


Rgd et al. 2015; Wirehn et al. 2017). 
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